Enhancins are baculovirus proteins capable of enhancing infections in insect larvae by other baculoviruses. We have identified the enhancin proteins in four species of granulovirus (GV). In this paper we describe the cloning and sequencing of the enhancin genes of the Pseudaletia unipuncta granulovirus-Hawaiian strain (PsunGV-H) and the Helicoverpa (Heliothis) armigera granulovirus (HearGV). The PsunGV-H enhancin gene is virtually identical to the previously characterized Trichoplusia ni GV (TnGV) enhancin gene. In contrast, a comparison of the predicted amino acid sequences of TnGV enhancin (901 amino acids) and HearGV enhancin (902 amino acids) revealed an overall identity of only 80 %, with greater conservation (88 %) from amino acids 1-550. Primer extension analysis of enhancin RNAs identified the baculovirus late promoter motif that serves as the transcriptional start site in the HearGV enhancin gene. It is located three nucleotides from the putative enhancin translational initiator codon. RNase protection analysis demonstrated that both read-through and termination occur at the 3' end of the gene. Since a partial open reading frame (ORF) was identified immediately downstream of the 3' end of the enhancin ORF, these data suggested that a sizeable fraction of the enhancin mRNAs may be bi-cistronic and share a common 3' end with a downstream transcription unit.
Introduction
The Baculoviridae, comprised of the nucleopolyhedroviruses (NPVs) and granuloviruses (GVs), are a family of viruses that primarily infect insects. Autographa californica multiple NPV (AcMNPV) is the best studied insect virus. Well developed in vitro systems have permitted extensive molecular characterization. In addition, it is utilized as a tool for foreign gene expression and an alternative to chemical pesticides (for reviews see Miller, 1988; Blissard & Rohrmann, 1990; Wood & Granados, 1991; Rohrmann, 1992) .
Granuloviruses have been well characterized at the cytological level and agricultural application of granuloviruses for pest control has been quite successful (Crook, The nucleotide sequence data reported in this paper will appear in the GSDB, DDBJ, EMBL and NCBI nucleotide sequence databases with the accession number D28558 for the Helieoverpa armigera enhancin sequence, and D14871 for the Pseudaletia unipuneta GV-H enhancin sequence. 1991). They are, however, not extensively characterized at the molecular level. The first permissive cell culture for a GV species, the codling moth, Cydia pomonella GV (CpGV) was established only recently (Winstanley & Crook, 1993) . However, several proteins and genes from granulovirus species, e.g. the basic protein of Plodia interpunctella GV (PlinGV) (Funk & Consigli, 1993) , and the granulin genes of Trichoplusia ni GV (TnGV) and Pieris brassicae GV have been characterized (Rohrmann, 1992) .
In 1959 a protein, the synergistic factor (SF), was identified that increased the susceptibility of Pseudaletia unipuncta larvae to a dual infection by both Pseudaletia unipuncta GV-Hawaiian strain (PsunGV-H) and a Pseudaletia unipuncta NPV (PsunNPV) (Tanada, 1959) . The SF was estimated to be present at levels up to 5 % of the granulin protein (Tanada, 1985) . The granules of TnGV also contain a protein, the enhancin (Derksen & Granados, 1988; Corsaro et al., 1993) that enhances infections by AcMNPV and other viral species like the T. ni single enveloped nucleopolyhedrovirus (TnSNPV) (Greenspan Gallo et al., 1991) .
The exact mechanisms of enhancement are unknown, but two different modes of action have been proposed. The PsunG¥-H enhancin was reported to interact with viral particles and increase the binding of the latter to the insect midgut microvilli (Tanada, 1985) . In addition, per os feeding of larvae with TnGV enhancin also results in 0001-3223 © 1995 SGM the breakdown of the peritrophic membrane, a protective chitinous layer that lines the inside of the insect midgut (Derksen & Granados, 1988) . The loss of this mechanical barrier results in more efficient passage of virus from the midgut lumen to the brush-border membrane (Corsaro et al., 1993) .
Using an antibody raised against partially purified TnGV enhancin, the gene encoding this protein was isolated from a 2gtll expression library. Sequence analysis showed that the TnGV enhancin gene encodes a 104 kDa protein (Hashimoto et al., 1991) . The TnGV antibody also cross-reacted with a protein of similar size in granules of PsunGV-H (Hashimoto et al., 1991) .
In this study we identified cross-reactive enhancin proteins in GVs from several families of Lepidoptera. The enhancin genes of Helicoverpa (Heliothis) armigera granulovirus (HearGV) and PsunGV-H were cloned and sequenced. In addition the HearGV enhancin gene was characterized at the transcriptional level.
Methods
Viral isolates. The granulovirus species used in this study were: CpGV, Estigmene acrea (EsacGV), HearGV, PlinGV, Pieris rapae (PiraGV), PsunGV-H, Scotogramma triJblii (SctrGV) and TnGV. Viral stocks were maintained in the laboratory as granule suspensions and/or infectious haemolymph isolated from infected larvae (Greenspan Gallo et al., 1991) . Larval infections, and purification of granules and enhancin were as previously described (Derksen & Granados, 1988; Greenspan Gallo et al., 1991) . SDS~PAGE and Western blot analysis. Granules were dissolved in 100 mM-NaHCO 3 (pH 10.5) and incubated at room temperature for 15 rain. The protein concentration was determined using the Bradford assay kit (Promega). Approximately l0 p.g of each GV solution was analysed on SDS-PAGE (Laemmli, 1970) . Gels were silver stained as described elsewhere (Blum et al., 1987) . A duplicate gel was transferred onto PVDF membrane (NEN DuPont) using a protocol provided by the manufacturer (Bio-Rad). Western blots were analysed using a rabbit anti-EF-TrpE polyclonal antibody at a dilution of 1:5000 (Hashimoto et al., 1991) . Cross-reactive bands were visualized using goat anti-rabbit alkaline phosphatase conjugated secondary antibody (1:3000) (Sigma).
DNA and RNA techniques. Viral genomic DNA was isolated from granules as described by Smith & Summers (1982) . All of the restriction endonucleases and modifying enzymes were purchased from Promega. Restriction endonucleases were routinely used in DNA digests in an allenzyme restriction buffer (10 x = 0.33 M-Tris-acetate pH 7.85, 0.65 Mpotassium acetate, 0.1 M-magnesium acetate, 0.04M-spermidine trichloride, 5 mM-dithiothreitol). DNA gel electrophoresis, Southern blotting and hybridization were as described (Hashimoto et al., 1991) . Viral genomic DNA was cloned into either pUC 18/19 (Yanisch-Perron et al., 1985) or Bluescript SK(-) (Stratagene).
Cloning and sequencing. The EcoRI-] fragment of PsunGV-H, previously identified as containing sequences homologous to the enhancin gene of TnGV (Hashimoto et at., 199l) , was cloned into pUC19. From this EcoRI-I fragment, KpnI and SalI fragments were subcloned and sequenced on both strands.
The complete HearGV enhancin gene was identified through hybridization of a 1-75 kb HearGV KpnI fragment, which crosshybridizes to a TnGV internal enhancin fragment, on a blot of HearGV genomic DNA digested with BarnHI, EcoRI, HindIII and KpnI. A cross-hybridizing BamHI fragment with an estimated size of 5.2 kb was cloned in pUC18 and a DNA restriction map was generated. The KpnI fragment and a 1.45 kb SstlI-BamHI fragment, and deletion fragments derived thereof, were sequenced on both strands.
Both PsunGV-H and HearGV genomic clones were sequenced using CsCI purified DNA (Ausubel et al., 1989 ) and a commercially available sequencing kit (United States Biochemical). Deletion clones were generated by Bal31 digestion as described (Sambrook et al., 1989) , the Erase-a-Base Exo III/S1 digestion kit (Promega) or an Exo III/Mung bean nuclease kit (Stratagene). Sequence products were analysed on gels prepared with 6 % Sequagel Rapid Sequencing Solution (National Diagnostics). Sequence data assembly and analysis were performed with the Sequence Analysis Software Package of the Genetics Computer Group (Madison, Wis., USA) Versions 7.2 and 7.3.
RNA isolation and primer extension analysis. Total RNA was isolated from HearGV infected T. ni larvae at daily intervals from ~8 days post infection (p.i.), using guanidine isothiocyanate (GIT) as described (Sambrook et al., 1989) . Four to eight larvae were collected for each time-point, frozen in liquid nitrogen and then ground in a glass Potter tube in the presence of 4 ml of GIT. The resulting larval suspension was layered onto a CsC1 gradient and spun for 16 h at 35000g. The RNA pellet was then collected, precipitated, washed, dried and quantified.
For primer extension analysis of the enhancin promoter, a primer (HAZR2; Y CAC GGC GGC AGC ACG G 39 complementary to nucleotides 43-28 downstream of the AUG initiator codon of the enhancin gene was used. Approximately 100 ng of the primer was labelled using 100 pCi [y-a2P]ATP (DuPont) and T4 polynucleotide kinase (Promega) as described (Ausubel et al., 1989) . Five nanograms of the primer were incubated with 50 gg of total RNA isolated from HearGV infected 71 ni larvae isolated at 1, 4, 5, 6, 7 and 8 days p.i. The primer extension reaction was according to Ausubel et al. (1989) with two modifications: the AMV reverse transcriptase (RVT) (Promega) was incubated at 50 °C and actinomycin D was added at a final concentration of 75 lag/ml to inhibit the DNA-dependent DNA polymerase activity of the RVT. Reaction products were analysed on a 6 % polyacrylamide gel and compared to a sequencing ladder of clone HABAM, which contains a 5.2 kb BamHI fragment from the HearGV genome and has the complete enhancin coding sequence also sequenced with the same primer.
RNase protection analysis. For the analysis of the 5' end of the HearGV enhancin message, an 800 bp NcoI fragment from clone HABAM was subcloned in vector pSLl180 (Pharmacia) to yield pHANCO. A 470 bp MunI BamHI fragment (425 bp HearGV sequences and 45 bp pSL1180 multilinker) was subcloned in Bluescript KS( + ) digested with EcoRI and BamHI to yield pHAMB. To generate a probe complementary to the 5' end of the HearGV enhancin gene, plasmid pHAMB was linearized at the HindlII mnltilinker site, which lies upstream of the MunI/EcoRI fusion site. Transcription with T7 RNA polymerase (Gibco/BRL) was according to the manufacturer's protocol in the presence of 20 gCi UTP. After transcription, the template was digested for 15 min at 37 °C by adding 2 gl of RNase free DNase (10000 U/ml; Boehringer Mannheim). Following digestion, 100 lal of TSE (TE plus 0.5 % SDS) was added, followed by extraction with PCI (phenol-chloroform-isoamyl alcohol, 25:24: 1). The probe was further purified by elution from a Nick G-50 gravity flow column (Pharmacia). Two microlitres of the resulting purified probe were analysed on a 6% polyacrylamide gel. The presence of several premature stops necessitated further purification on a 6% polyacrylamide gel. The full-length probe (530 nucleotides) was isolated from this gel as described elsewhere (Ausubel et al., 1989) . For analysis of the 3' end of the enhancin message, clone HASB, which has a 1.45 kbp SstI~BamH! fragment of the HearGV enhancin gene cloned into Bluescript SK( -) was cut with MluI. An antisense T7 RNA probe was synthesized and purified as described above. Upon gel analysis the probe was found to be > 95 % full length (372 nucleotides) and was used without further purification.
For RNase protection analysis, 20 lag of total RNA was mixed with 105 c.p.m, of antisense RNA probe, precipitated and resuspended in 30 lal of hybridization buffer (80 % formamide, 40 raM-PIPES, 400 mM-NaC1, 1 mM-EDTA). After heating for 10 min at 80 °C, the mixture was left to hybridize overnight at 50 °C. Following hybridization, unprotected RNA was digested by adding 350 lal of RNase mix (10 mN-Tris pH 7.5, 5 mM-EDTA, 0"3 M-NaCI, 2 lal 10 mg/ml RNase A, 5 lal 100000 U/ml RNase T1) and incubated at 30 °C for 60 min. The digestion was stopped by adding SDS to a final concentration of 0.5 %. Samples were further purified by digestion with Proteinase K (3 pl of a 15 mg/ml premix; Boehringer Mannheim) for 30 min at 37 °C. The samples were extracted twice with 400 gl of PCI and precipitated at room temperature (RT) for 30 min by addition of 1 m196% ethanol. Samples were spun at RT, washed twice with 70 % ethanol at RT, dried briefly and resnspended in 20 lal of loading buffer (50 % formamide, bromophenol blue and 0.05 % xylene cyanole FF).
Reaction products were analysed on 6 % polyacrylamide sequencing (3' analysis) or slab gels (5' analysis). Product sizes were estimated by comparison with a sequencing ladder of clone HABAM sequenced with primer HAZR2 and comparison with a 123 bp ladder (Gibco/BRL). Gels were exposed to XAR5 film in cassettes with intensifying screens (Kodak).
Software used. Fig. 5 was generated by exposure of the dried gel to phosphor-imaging screens and scanning (Molecular Dynamics). The resulting TIFF data files were imported into Aldus Freehand 3.0 and used to generate the negative for the figure shown.
Results

Identification of enhancins in granulovirus species
Proteins from eight granuloviruses that represented GVs infecting four Lepidopteran families were analysed by SDS-PAGE and Western blotting to identify novel enhancin proteins. Five GVs, four infecting the family Noctuidae and one infecting the Pieridae, contained proteins that cross-reacted with the anti-enhancin polyclonal antibody ( Fig. 1 a, b ). However PlinGV, which infects indian meal moth larvae (Noctuidae), CpGV, which infects codling moth larvae (Tortricidae) and EsacGV, which infects saltmarsh caterpillar larvae (Arctiidae), did not have cross-reacting proteins ( Fig. 1 a,   b ).
The enhancins could be subdivided into three groups based on molecular mass: 104kDa for the TnGV, PsunGV-H and PiraGV enhancins, 108-110 kDa for HearGV enhancin and 120 kDa for SctrGV enhancin ( Fig. 1 b) . In standard T. ni neonate bioassays HearGV, PsunGV-H and SctrGV enhanced AcMNPV infectivity, confirming the presence of an enhancin (results not shown). PsunGV-H, the first granulovirus for which the presence of an enhancin in its occlusion body was described and documented (see Tanada, 1985) , and HearGV were further analysed.
Sequence analysis of the PsunGV-H and the HearGV enhancin genes
The enhancin genes from PsunGV-H and HearGV were cloned and sequenced (see Methods for details). On average, every nucleotide on both strands of the enhancin gene sequence was sequenced at least twice.
Sequence data analysis of the HearGV DNA revealed an ORF of 2706 nucleotides that encodes a protein containing 902 amino acids with a molecular mass of 104'6 kDa (Fig. 2) . Similarly, PsunGV-H clones revealed an ORF of 2703 bp that encodes a protein of 901 amino acids with a molecular mass of 104.2 kDa (Fig. 2) . A comparison between the DNA and the deduced amino acid sequences is presented in Figs 2, 3 and 4, and Table 1 .
Both genes have a consensus baculovirus late promoter motif (PsunGV-H, ATAAG; HearGV, TTAAG; Fig. 2 , arrow) at positions -8 through -4 relative to the translational start codon. Two other late motifs, GTAAG and ATAAG, were present in the HearGV sequence within 270 bp upstream of the ATG. The PsunGV-H sequence has no other late promoter motifs within 400 nucleotides upstream of the AUG (data not shown).
A second late promoter motif, ATAAG (Fig. 2 , underlined) was present in both genes at 36-32 nucleotides upstream of the enhancin translational stop codon ( Fig. 2 , positions 2991-2993) with the start codon of a putative ORF (PsunGV-H, 3057-3059; HearGV, 3051-3053) downstream of it. No canonical polyadenylation consensus sequences were identifiable in the short intergenic region between the translational stop codon of the enhancin gene and the translational start codon of the downstream ORF. It was noted, however, that the HearGV DNA sequence here is relatively AT-rich, and the PsunGV-H enhancin gene has two sequential stop codons, TAATAA. Either of these DNA sequences may meet the requirements for polyadenylation sites.
A comparison of the PsunGV-H and TnGV enhancin genes (Figs 2 and 3; Table 1 ) showed that they are virtually identical at both the DNA and the amino acid sequence level over almost their entire length. The amino acid sequences differ in only 15 amino acids. Seven changes are caused by a 21 nucleotide reciprocal frameshift (reflected by the dissimilarity in amino acids 652-658, Fig. 3 lower identities to each other (Figs 2 and 3 ; Table 1 ). For 270 nucleotides upstream of the translational start codon the identity is 40 %. This increases to an overall identity of 77% within the ORF, decreases to 46% for the intergenic region and increases again to 69% for the putative downstream ORF ( Fig. 2 ; Table l ). Comparison of the amino acid sequences of the two enhancins revealed that the overall identity and similarity values are 81% and 90% respectively. Amino acids 1-550 have identity and similarity values of 89 % and 95 %. This decreases between amino acids 551-902 to 69% and 84%, respectively. We have concluded that since the HearGV enhancin gene has several baculovirus late promoters upstream of the enhancin ORF, and encodes a protein that seems to diverge extensively in both mass and deduced amino acid sequence from the enhancin of TnGV and PsunGV-H, it would be the most suitable candidate for further characterization at the molecular level.
Transcriptional analysis of the HearG V enhancin gene
A baculovirus late promoter motif is present in the HearGV enhancin gene sequence at nucleotides -8 through -4 relative to the translational start codon. In order to analyse the transcription initiation at this motif, a primer with a sequence complementary to the predicted mRNA sequence between positions 325-310 of the enhancin sequence was synthesized and used in primer extension experiments. Two major bands co-migrating with the second T and the first A of the TTAAG late promoter motif appeared, starting with RNA isolated from infected larvae 4 days p.i through day 8 p.i. (Fig. 5 ). It seemed that throughout the infection the relative amount of enhancin mRNA in whole animals was constant.
Transcription of the enhancin gene was further analysed by 5' RNase protection mapping (Fig. 6a, b) . A 530 nucleotide antisense RNA probe corresponding to 405 nucleotides of enhancin sequences (between the NcoI and MunI sites; Figs 2 and 6 a) and 125 nucleotide vector sequences, was incubated with total RNA isolated from HearGV infected larvae at days 4 through 8 p.i., the samples that appeared positive in the primer extension reaction. Analysis of the reaction products ( Fig. 6b ) showed that a 311 nucleotide product, present in all samples and corresponding to the distance between the NcoI site and the TTAAG promoter motif, is the major protected species. Two minor products with sizes of 342 and 405 nucleotides respectively, are also apparent. The 342 nucleotide product maps 31 nucleotides upstream of the TTAAG motif (342-311, Fig. 2) . No baculovirus promoter motif identifiable as such is present there. The 405 nucleotide product, absent from the day 4 sample, reflects total protection of the enhancin sequences in the probe indicating that some transcription initiation takes place upstream of the second baculovirus late promoter motif ATAAG identified here (Figs 2 and 6b) . A third product, slightly larger than the 405 nucleotide product, is visible in the lanes marked 4, 5 and 6 days p.i., but absent from the lanes marked 7 and 8 ( Fig. 6b ). Direct scintillation counting of the protected species revealed that the amount of label in the minor species amounts to less than 5 % of the major protected species (data not shown). The significance of upstream transcription, therefore, is unclear.
To determine whether transcription termination takes place in the intergenic region downstream of the HearGV enhancin gene, a 372 nucleotide RNA antisense probe complementary to the 3' end of the enhancin message was generated (Fig. 6c, lane P) . It appeared from the experimental results that total RNAs harvested at day 0 through day 3 did not have any enhancin mRNA as evidenced by the absence of protected RNA species. Starting at day 4 p.i., two major protected RNA species were visible. The top major RNA species had a size of 296 nucleotides. This corresponded to the distance from the Mlu! site used in the synthesis of the T7 RNA probe to the BamHI site (Figs 2, 6a , c) and therefore represented full length protection (372-76 nucleotides that represented multiple cloning site sequences) of the probe. This suggested that at least a substantial portion of the enhancin ORF and the downstream ORF may be on one message. The bottom RNA species was 220 nucleotides, indicating that transcription termination takes place at nucleotide 3150 (Fig. 2) . A few minor products that migrated below the major bands are visible. Prolonged digestion with more RNase did not alter this pattern. It appeared that the sensitivity of this technique allowed us to detect minor products that arise from protection by the probe of enhancin RNA breakdown products present in the samples.
Discussion
In this study we have identified and characterized enhancin genes of granuloviruses that infect two families of moths, the Noctuidae and Pieridae. Five virus isolates were found to cross-react with an enhancin specific antibody: TnGV, PsunGV-H, HearGV and SctrGV, which infect larvae in the Noctuidae family, and PiraGV, which infects larvae in the Pieridae family. Two granulovirus species, CpGV and EsacGV, which were previously identified as having an enhancin (Corsaro et al., 1993) failed to show cross-reaction in the present study. Our analysis suggested that a secondary antibody used previously, different from the one used here, crossreacted nonspecifically. Also, standard neonate bioassays performed with EsacGV and CpGV failed to show any significant enhancing activity (data not shown).
Enhancins could be placed in three molecular mass classes: approximately 104 kDa, 108-110 kDa and 120 kDa (Fig. 1 b) . This paper describes the cloning and sequencing of representatives of two size classes, P. unipuncta GV-H (104kDa) and H. armigera GV (110 kDa). The former virus was chosen because it has the first described enhancin (synergistic factor; Tanada, 1959) . The latter was chosen because its enhancin appeared to have a slightly higher mass than the original TnGV enhancin (Hashimoto et al., 1991) , and also because it did not seem to be as immunologically crossreactive as the other enhancins.
The TnGV enhancin gene (described earlier as the TnGV viral enhancing factor, VEF) showed high identity to HearGV and PsunGV-H enhancin (see Table 1 ). Analysis (GAP) of the PsunGV-H and HearGV enhancin genes at the DNA and deduced amino acid sequence level, and comparison to the TnGV enhancin gene sequence (Hashimoto et al., 1991) , revealed several interesting characteristics of the genes and their products. The TnGV and PsunGV-H enhancin genes are virtually identical from 325 nucleotides upstream of the enhancin ORF and throughout the partial ORF identified down-stream of the enhancin gene. Since in HindIII digests of TnGV and PsunGV-H genomic DNA, 19 of the 26 visible fragments comigrate (data not shown), the observed conservation of identity suggests that both granuloviruses are strongly related and may have only recently evolved divergently.
The PsunGV-H and HearGV DNA sequences diverge at the DNA level. The overall nucleotide sequence identity is 77 % for the enhancin ORF. Comparison of the deduced amino acid sequences reveals that identity and similarity values for amino acids 1-550 are much higher than for amino acids 551-901. Three possible explanations may be given for this interesting phenomenon. First, two activities have been found to be associated with enhancin, i.e. breakdown of the peritrophic membrane through proteolytic activity (Derksen & Granados, 1988 ) and enhancement of viral binding to receptors in the midgut microvilli (Uchima et al., 1988 ). The differences in conservation observed here may be a reflection of these activities. Second, it is possible that the most conserved N-terminal region of the protein is essential for the enhancing activity. Third, it is possible that recombination between two enhancin genes of different GVs with relatively low amino acid identity takes place at the middle of the coding region, which would explain the divergence of the C-terminal part. Cloning and sequence analysis of several more enhancin genes are needed to further study and understand the significance of the diverging C-terminal end of enhancin proteins.
The PsunGV-H enhancin has 901 amino acids and a calculated molecular mass of 104-2 kDa; the HearGV enhancin has 902 amino acids and a molecular mass of 104.6 kDa. Nevertheless, the latter migrates at a higher than expected mass of 108-110 kDa. We hypothesize that the aberrant migration behaviour may be caused by the presence of a sequential stretch of proline residues at the C-terminal end of this sequence (positions 880-883, Fig. 3 ) that is lacking fi'om the PsunGV-H sequence.
Transcriptional analysis of the HearGV gene reveals several more interesting features of enhancin genes. Of the three baculovirus late promoter motifs that correspond to the consensus NTAAG (Rohrmann, 1986) , and are present in the region upstream of the enhancin ORF (Fig. 2) , the one that is predominantly used, TTAAG (Figs 2, 5 and 6b), is positioned only three nucleotides from the translational start codon. Transcriptional analysis of the TnGV enhancin gene has also shown that the ATAAG motif present at -8 to -4 relative to the AUG initiator codon serves as the only transcriptional initiation point (P. Roelvink, unpublished data).
Our hypothesis that the AUG closest to the promoter is the translation initiator codon is based on two observations. First, the context of the initiator codon, -3 AUCAUGC + 4, is similar to the Kozak consensus sequence, -3 A/GYYAUGG +4 (Kozak, 1986) , but due to the presence of a C in position +4, it is suboptimal. Second, the mass of the protein observed in protein gels corresponds well with the first AUG in the ORF being the translational initiator codon.
Initiation of transcription at the baculovirus late promotor proximal to the initiator codon gives rise to a 5' leader with a maximum length of seven nucleotides. Leaders of eukaryotic messages are seldom shorter than 7 10 nucleotides and average between 25-50 nucleotides (Kozak, 1987) . It has been shown that shortening the length of leader of the phosphoglycerate kinase mRNA in yeast, for instance, to seven nucleotides, still allows for translation at 50 % of the optimal rate (Van den Heuvel et al., 1989) . It has been estimated that enhancin makes up 5 % of the total protein present in granules (Tanada, Brownlee, 1976) , was present u p s t r e a m of the transcription termination signal. A n alternative poly(A) sequence closely resembling the poly(A) sequence A A C A A A was present between nucleotides 3003-3008 (Fig. 2) . It has been r e p o r t e d that the presence of a similar sequence d o w n s t r e a m of the flthalassaemia gene (Orkin et al., 1985) uncommon for baculoviruses. Analysis of the HmdIII-M region of Orgy& pseudotsugata NPV, for instance, has shown that bi-and multi-cistronic messages originated from baculovirus late promoter motifs that had different 5' ends but the same Y end (Gombart et al., 1989) . From our analysis of granulovirus enhancin genes, it appears that the organization, transcription and translation of these genes hold several special features. At present, studies are underway to identify biochemical properties of enhancin proteins (L. Lepore, unpublished results). Elucidation of the exact mode of action in vitro and in vivo will help to evaluate the full potential of enhancins and their use for insect pest management.
